Formation of coulombic and possibly hydrogen bonds between amino groups on human lymphocytes and negatively charged sites on sheep erythrocytes is involved in rosette formation. Supportive evidence includes rosette inhibition by chemical binding of lymphocyte membrane amino groups, and the results of changing the pH, ionic concentration, and temperature of the reaction. Although the possibility has not been excluded that the amino group dependence of this reaction is related to the property of certain proteins attached to the T-cell (thymus processed) surface, it is suggested that this dependence may be related to a charge pattern recognition in the form of "codes" present on the T-cell membrane. It is speculated that this type of recognition may be a contributory mechanism in the initiation of the T-celldependent immune response.
Certain lymphocyte populations are known to react with specific xenogeneic erythrocytes to form rosettes. Although both thymus-processed (T-cells) (1) (2) (3) (4) , and bursa-equivalent lymphocytes (B-cells) (5) (6) (7) (8) have been implicated in this reaction, the exact nature of the involved receptor sites has not been clarified. It is generally agreed that the antigen-binding receptor of B-cells is a form of immunoglobulin (9, 10) ; however, the nature of the T-cell receptor has remained controversial (11) (12) (13) (14) (15) (16) (17) .
We report that the incubation of human lymphocytes with chemical reagents known to bind amino groups abolishes their ability to form rosettes with sheep erythrocytes. The data presented are consistent with the hypothesis that attraction due to coulombic forces and probably hydrogen bond formation involving the amino groups on the lymphocyte surface and negatively charged sites on the sheep erythrocytes are the chemical reactions responsible for rosette formation. The establishment of such bonds would require close approachment of the interacting cell membranes, a physical state normally prevented by the overall negative surface charge.
However, this electrostatic barrier between the xenogeneic cells could be circumvented if the distribution pattern of positive and negative sites, at least within limited areas of the cell surfaces, were complementary. With this provision, the proper alignment of opposing sites would permit multiple coulombic bonds to be formed. We would like to suggest that the charge distribution pattern on the erythrocytes is related to the ability to react with T-lymphocytes, is species-characteristic, and constitutes the specificity observed in the rosette reaction. Thus, "recognition" in this process is the consequence of charge pattern fitness between the interacting cells.
MATERIALS AND METHODS
Lymphocytes were prepared from freshly drawn defibrinated human blood by first using the method of Bates and Sell (18) and then further purifying the cells on a Ficoll-Isopaque gradient (density 1.077). The isolated lymphocytes were resuspended in a Hanks' solution which contained 15% fetal calf serum (H-15% FCS), and the cell concentration was adjusted to 1 to 2 X 106/ml. These preparations were stored at 40 and used within 5 hr. Rosette formation was achieved by mixing equal volumes of lymphocytes with 1% four-timeswashed sheep erythrocytes suspended in 0.85% NaCl. The mixtures were centrifuged at 400 X g for 2 min, after 10 min of incubation at room temperature, the packed cells were gently resuspended by tapping the tube, and the suspension was examined by use of a phase microscope. This procedure reveals that 50-75% of peripheral lymphocytes of healthy individuals readily form rosettes.
The effect of pH on rosette formation was determined by suspending the cells in the desired buffers. The buffers used were 0.15 AM citrate (pH 5.5-7.0), phosphate (pH 5.5-8.0), Tris (pH 7-9.0), and glycine (pH [8] [9] [10] [11] Proc. Nat. Acad. Sci. USA 72 (1975) Role of Amino Groups in T-Cell Rosette Formation 699 (3) 5-Dimethylamino-l-naphthalene aziridine, a compound closely related to dansyl chloride and used in the same manner, also caused intense fluorescence of the treated cells, but showed no inhibitory effect on rosettes. Since this reagent binds the sulfhydryl groups (21) , it may be concluded that SH groups are not likely to participate in the chemical reaction related to rosette formation.
DISCUSSION
The chemical nature of the negative radicals on red cells has not yet been clarified. Although the carboxylic groups of the erythrocyte sialic acid are the likely site, the observation that neuraminidase treatment of the erythrocytes does not inhibit rosette formation (22) suggests that certain negative moieties other than sialic acid may be involved. The data presented do not indicate whether the involved amino groups belong to structural components of the cell membrane or are a part of proteins such as immunoglobulins or immunoglobulin-related substances attached to the cell. Indeed, carbamylation of some antibodies by treatment with 1 M potassium cyanate over several hours has been shown to cause a partial loss of activity (23) . With this in mind, we were unable to employ our method of carbamylation to alter reactivity of unrelated antibody systems such as free or erythrocyte-bound anti-Rho (example of IgG) or serum anti-I cold agglutinin (example of IgM). In these experiments, erythrocyte antibodies were quantitated by the automated Polybrene technique (24) . Thus, the observation reported by Chen et al. (23) may be limited to the highly selective hapten used in their experiment.
As a possible alternative to the immunoglobulin mechanism,
we would like to propose that in the human lymphocyte-sheep erythrocytes rosette formation two interrelated steps are involved:
(1) Alignment of complementary charged sites on opposing cell membranes, which would allow approachment of the interacting cells. It is proposed that the sequence of these positively charged moieties on lymphocytes may constitute the appropriate "code" that is necessary to recognize the antigenic (negatively charged) pattern on the erythrocytes.
(2) Once the interacting cells have approached each other, multiple coulombic bonds are formed primarily between the amino groups on the lymphocytes and presumably the negative sites on the erythrocytes.
It is plausible that this model of pattern recognition and bond formation might be involved in other antigen recognition processes in which immunoglobulin participation is in doubt. In this function, the lymphocyte membrane may be considered analogous to a magnetic computer tape, endowed with information in the form of charge codes, capable of recognizing diverse groups of compounds according to their charge patterns. Considering the fluid nature of the lymphocyte membrane, it may be possible that after the initial contact between an antigen and a lymphocyte at highly reactive sites, the antigen is fixed, and then the remaining molecules within the reaction site on the lymphocyte membrane rearrange themselves, by the direction of the antigen, to become fully complementary, and thus construct a template of the antigen. The coupling of antigen with lymphocytes is probably associated with a change in the electrical potential of the reaction site on the cell membrane. This event may result in stimulation of the lymphocyte and prove to be the first step in further processing the information acquired. For example, in the activated cell2 the template constructed at the cell membrane may eventually be transcribed into DNA. The proposed mechanism is consistent with, and appears to combine both the clonal selection and the instructive hypotheses of the induction of the immune response. "Selection" would be related to the ability of the cell to establish initial contact only with those antigens that have appropriate charge patterns, and "instruction" would be related to the refinement achieved within the contact area by the fluid lymphocyte membrane, and the eventual construction of corresponding DNA templates.
It is recognized that these interpretations are highly speculative and by no means exclude other more simple possibilities. Indeed, the observations reported here may be explained on the basis of the presence of T-cell surface proteins that are primarily responsible for sheep erythrocyte recognition and, in this function, they depend upon the integrity of the amino groups. Furthermore, the participation of amino groups may prove to be limited only to the T-cell-sheep erythrocyte reaction. To further examine the validity of these speculations, and to evaluate the extent with which the amino groups may be involved in T-cell recognition in general, further experiments are necessary to determine: (a) the effect of blocking the amino groups on lymphocytes on their responsiveness to antigenic stimuli in the mixed lymphocyte culture reaction system, and (b) the effect on the cell-mediated immune behavior of experimental animals receiving sodium cyanate.
Preliminary results (25) obtained in the mouse appear to indicate that the administration of sodium cyanate markedly suppresses such T-cell functions as skin allograft rejection, response to oxazolone skin treatment (26) , graft-versus-host reaction, and antibody formation to sheep erythrocytes. Although these in vivo findings could possibly be explained on the basis of metabolic effects of cyanate and/or acute aminoacid deprivation, they are also consistent with the assumption that the amino groups on T-cell surfaces are involved in cellmediated immunological functions.
